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Abstract 
GROWTH LINES IN CHIONE FLUCTIFRAGA AND 
PROTOTHACA STAMINEA (BIVALVIA): PRECISION OF 
COUNTING AND COMPARISONS OF SIZE,·. AGE, 
INTERTIDAL LOCATION AND TAXA
by David M. Crabtree 
Because formation of growth lines in the shells of 
bivalve molluscs is affected by environmental parameters, 
the growth lines should contain much information about the 
environments in which the animals live. However, the use of 
growth lin:es in ecolog:y· and paleontology is limi tea. by 
ambiguity in their identification. 
·chione fluctifra.ga and Protothaca staminea were
collected, marked and replanted. C. fluctifraga were grown 
at three intertidal levels over a vertical range of one 
meter. In addition, f· stami�ea were grown at the middle 
level . .  All specimens were re-collected after 47 days .. 
Acetate peels of shell cross sections were used for growth 
line counting. 
Precision of counting was analyzed·by having six persons 
count lines on the same specimens. There was a significant 
difference between counters on number of lines per specimen, 
but excellent agreement in ranking of specimens by counts. 
This makes relative comparisons possible although absolute 
values may not be obtainable. 
•  Younger (usually, smaller) specimens grew faster and 
formed more growth lines. Size was not always a good 
indicator of age. • This makes it important to use 
equivalent age classes for studies involving growth line 
count- There was an unexpected difference in growth rate 
between specimens grown at different intertidal heights. 
Those at the lower intertidal level grew less than those at 
the highest level. There was no difference between species 
in number of growth lines formed. 
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INTRODUCTION 
Current interest in daily growth.lines originated with 
Wells' .(1963) article•on growth lines in coral.epitheca. 
Wells proposed that the lines could be used as geochronoMeters 
by counting the number of daily lines between annual bands. 
Because coral was not entirely satisfactory for this ptirpose, 
other organisms were considered. Bivalve mollusc shells 
exhibit growth lines with approximately daily periodicity. 
(Clark, 1968;- House and Farrow, 1968; Pannella and Mac-
Clintock, 1968) and were considered good potential geo-
chronoteters .(Berry and Barker, 1968; Pannella et al,, 
1968). They a e:not,.however, ideal, because the number of 
lines between annual bands may vary considerably (Farrow, 
1971; Hall et al., 1974) and ambiguity in identification of 
lines often makes precise counting difficult (Scrutton and 
Hipkin, 1973; Clark, 1974). Present evidence also suggests 
that in some species growth lines Are more closely related 
to a tidal than to a daily cycle (Berry and Barker, 1968; 
Evans, 1972). An endogenous rhythm may be responsible for • 
the periodicity of some growth line formation (Millar, 1968; 
Wheeler et al., 975). .The ambiguity in identification of 
growth lines and uncertainty concerning the rhythm of their 
formation raises questions regarding the reliability of 
growth line,counts and their suitability for geochrpnometry. 
A number of physiologic and environmental factors can 
affect the form, pattern and number of growth lines formed 
in bivalve shells (Dodd, 1969; Rhoads and Pannella, 1970; 
Farrow, 1971, 1972; Hall et al., 1974). Growth lines thus 
constitute a record of the physiologic condition of the 
organism and of the environment in which it lived. This 
makes the study of growth lines potentially useful for 
ecology and paleoecology. 
Although counting growth lines for ecological and 
paleoecological purposes does not require the precision 
that counting for geochronometry requires (Scrutton and 
Hipkin, 1973), interpretations of paleoenvironments from 
growth line analysis can be no better than the identification 
of the growth lines. To be used most effectively as a 
paleoecologic tool, the precision and reliability of line 
counts must be optimized. 
For intertidal bivalves many factors important for 
existence and growth vary with the tide; hence, animals 
located at different intertidal levels might grow differently, 
and these differences should be recorded in their shells. 
Farrow (1972) has found this to be true in Cerastoderma edule  
growing under conditions of large tidal range. There were 
differences in the amount of yearly growth, the nature of the 
winter bands and the difference between the maximum and 
minimum widths of daily increments per lunar monthly cycle. 
Further studies including other species and environments are 
heeded. for additional clarification of the effect of tidal* 
position on growth line patterns. 
•• Since older animals tend to grow more slowly than 
younger animals, changes in growth lines with •age might- also.  
be expected. Such an effect was observed by Hall et 
(1974). 
Paleoecological studies often involve species not 
presently available for experimentation. In such cases 
_growth. lino interpretations must depend upon extrapolations 
from experiments with .recent species. Are such extrapolations 
valid? If growth lines are reliable ecological indicators-, 
growth lines of two species living in the same environment . 
at the same time should have definite similarities. If 
taxonomic differences between a fossil species and the recent 
species upon which growth line interpretations are based are 
similar to differences between two recent species, then 
variations in growth line patterns should also be similar. 
Therefore, studies evaluating variations in growth line 
formation between species currently living in the same 
environment could form a basis for extrapolation of growth 
line analysis •to extinct species or to other, unstudied 
recent species. 
Chione fluctifraga (Sowerby, 1853) and Protothaca 
staminea (Conrad, 1837) occur in the same area of upper 
Newport Bay (Southern California). Both species were used for 
studies of the precision and reliability of growth line counts. 
The most common species (C. fluctifraga) was used for a 
comparison of growth line formation at different intertidal 
levels and between different ages and sizes of specimens. 
have also compared growth lines of the two species. 
PROCEDURE 
Growth of specimens  
Clams of the two species were collected from upper 
Newport Bay mud flats on August 16, 1974. There were 134 
Chione fluctifraga and 29 Protothaca staminea. They ranged 
in length from 14.8 to 44.1 mm and were sorted with a 
circular sizing •gauge into size groups of four millimeter 
increments. There were eight size groups of C. fluctifraga  
and seven of P. staminea (Fig. 1). There were apparently 
two size classes of C. fluctifraga. 
One hundred of the C. fluctifraga and twenty of the 
staminea were used in this experiment. Each specimen 
was filedalong the ventral margin to provide a reference 
point for growth line counts. They were divided into six 
.experimental groups (Table 1). The length of each specimen.  
in groups B, C, and D was measured with vernier calipers. 
They were code marked for identification by filing grooves 
on the outer shell surface so that at the end of the• 
experiment each specimen could be identified for individual 
growth measurements. All six experimental groups were 
replanted near the collection site in plastic pans • with 
thoroughly perforated bottoms. The pans were buried to 
their edges in the mud and•filled With mud from the 
collection site. All specimens were re-col1ected. 47 days 
later on October 2, 1974. One pan from group A and one or 
two specimens from most of the other groups were missing. At 
the close of the experiment the lengths of all specimens were 
measured. 
Concurrently other specimens were grown to determine 
whether conditions during the experimental period were 
suitable for shell growth. A plastic pan was situated at the 
mid tide level in the same area as the other experimental 
groups. Twelve specimens, including both species and covering 
the natural size range, were filed along their ventral margins 
and planted in the pan. They were re-collected and replaced 
with fresh specimens at approximately two week intervals. 
The collected specimens were examined for growth beyond the 
file mark. These specimens exhibited growth for the duration 
of the experimental period (47 days) and for more than a 
month afterwards. Growth slowed and for the larger specimens 
stopped during the first half of November. 
Preparation of specimens 
A median section of shell from each specimen was embedded 
in epoxide resin (Buehler Ltd.). The sections were ground on 
a lap with #600 SiC, on glass plates with #800 and #1200 SiC 
and polished on a buffing wheel using #2000 A1203. The 
polished sections were etched for 45 sec with 1% HC1 and 
acetate peels were made of the etched surfaces. The peels 
were mounted on microscope slides with Harleco Synthetic 
Resin and examined with a Zeiss Ultraphot microscope using 
interference contrast optics. Photomicrographs of the peels 
were made with a Nikon FTn camera adapted to the microscope 
and using H & W Control film (ASA 80). Prints with a final 
magnification of 142X were made on high contrast photographic 
paper. Thin sections of most of the specimens were also 
prepared but i.n general the acetate peels were better for 
growth line studies and they were used exclusively for the 
material presented here. 
Counting of growth lines  
Counting was done from the photomicrographs. Six 
persons were used as counters. They ranged from a biology 
professor to beginning graduate students and their interest 
and experience in growth line research ranged from con-
siderable to none. To make counting as objective as possible 
and comparable between counters, all were given the same 
instructions for counting and all counted from the same 
photographs. Instructions were both written and verbal and 
included the following major points: 
1. Count lines from the file mark to the outer 
edge of the shell. 
2. From the context of all growth lines in the 
photomicrograph, count those which appear to 
be major lines. 
3. Major lines are determined by distinctness 
and relative length, not by width. Both wide 
and narrow lines may be considered major. 
4. The most important criteria will be 
distinctness. The lines with the sharpest 
boundaries will constitute the major lines. 
5. The lines will be counted in the area where they 
are curved (outer portion of the shell). They 
should persist for half of the distance across 
this area. 
6. The line must follow the curvature of the 
other lines in the photomicrograph. 
7. In cases where it is difficult to determine 
whether a line should be counted, it may help 
to: a) Trace the line down to the inner 
portion of the shell (where the lines are 
straight) and compare its distinctness there. 
b) View the photomicrograph at arm's length 
to visualize more lines at one time. 
8. Be consistent. 
Verbal instructions were given to all counters at the 
same time and included discussion of photomicrographs like 
those they were to count. Although promoting consistency 
and objectivity of the counters was the main concern in 
giving the instructions, it was originally hoped that the 
major lines counted according to the instructions would 
approximate the "daily" lines of most workers. 
Fifty specimens, representing all of the experimental 
groups (Table 1) were counted by all six counters. The • 
specimens were counted in batches of ten. Because the order 
in which the specimens were counted could conceivably affect 
the results, each batch was counted four times by each 
counter but in a different order each time. The order for 
each series of counts was determined from a random numbers 
table. The rest of the specimens were counted in the same 
way but by a single counter (DMC). 
Other measurements  
Growth in height (dorso-ventral) for group A, C, and E 
was measured from the photomicrographs. The age class of 
each specimen was determined by counting the number of 
winter rings from the acetate peels. 
RESULTS AND DISCUSSION 
Precision of counts  
• The counts on the fifty specimens by, the six counters 
were •analyzed in a - two-way analysis • of variance (two-way 
anova). The counters disagreed significantly (P.<0.001) 
They also disagreed (13 <0.001) when individual experimental 
..groups were considered. This disagreement can probably be• 
ascribed to the combined effects of difficulty of line 
.recognition and of the individual -personalities and • 
experience of the counters. That is, in ambiguous cases 
different counters judge differently as to which lines to 
•count. There was some indication that each individual's 
consistency improved with experience. 
.Such variability could be a serious drawback to the use 
of the growth lines of these two species in ecology or 
paleoecology and would certainly preclude theiruse in 
geochronometry. However, the six counters were in excellent 
agreement regarding the ranking of the specimens by counts 
(Table 2). This means that one counter might compare 
different populations by growth line counts with reasonable 
confidence that ambiguity in 'line recognition and individual 
bias would at least not prevent correct ranking. Relative 
comparisons would be possible even though absolute values 
may not be obtainable. :Such comparisons would be useful in 
10 
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ecological and paleoecological studies and may eventually 
prove useful for relative geochronometry. 
As long as •the assumptions of normality and equal 
variance are met, parametric statistics are more powerful than 
non-parametric methods. Therefore, the other parts of the 
experiment were analyzed with parametric methods. In several 
cases equivalent non-parametric tests were also applied and 
the same conclusions were reached. 
Size and age related comparisons  
Specimens from the small size class of the experimental 
population grew more than those in the large size class 
(P< 0.001 with t-Lest; see Fig. 2). The small size class 
specimens were younger, as determined by counting winter 
bands from acetate peels (0 winter bands), than the large 
size class specimens (1 to 3 winter sands). Except for 
perhaps the youngest group, size is a poor indication of 
age as there is considerable overlap in size between age 
classes (Fig. 3). There is a trend toward decreasing growth 
with increasing age (Fig. 4). Age determination by counting 
of winter bands from acetate peels or thin sections is 
more accurate than by counting of external winter bands 
which are difficult to distinguish from disturbance bands 
and should be the preferred method. 
There was also a difference in the number of growth 
lines formed during the experiment, both between the two 
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apparent size classes (P‹ 0 001 with t-test; see Fig. 5 and 
compare Fig. 6 with Fig. 7) and between age classes (P< 0.001 
with one-way anova; see Fig. 8). The smaller and younger 
specimens formed more lines. The difference is significant 
even if the rapidly growing first year age class (0 winter 
bands) is not included in the analysis. 
An increase in size and decrease in growth rate with 
age are expected. A decrease in rate of growth line 
formation with age might not be, since increments in the 
latter part of the specimen's life tend to be thinner. 
However, similar trends were observed by Hall et al. (1974) 
in Callista chione and Tivela stultorum. These results 
• indicate that particular attention must be paid to the 
selection of specimens for any type of analysis dependent 
upon growth measurements or growth line counts. In a 
specimen of Chione fluctifraga the rate of growth and of 
growth line formation would probably be different each year 
of its life. This appers to be true of the later portion 
of the life of other species also (Hail et al., 1974). This 
must be taken into account in ecological interpretations. 
Equivalent age classes must be compared when checking for.  
differences that might be attributed to environmental 
variables. Failure to do so could result in erroneous 
conclusions. Younger age classes should probably be 
favored for such comparisons, because variations in growth 
13 
or growth line formation would be easier to detect from 
their greater-growth, and because animals growing more days 
per year would be less likely to miss recording an 
environmental event. 
Periodicity of growth line formation 
• The mean number of lines counted beyond the file mark 
for most age classes (Fig. 8) was not particularly close to 
the number of days which they were growing (47 days) 
Revising counting criteria might make counts for one age 
class close to 47 but the others would still be considerably 
different unless special criteria were set up for each age 
class. This would amount to forcing the data to conform to 
previously chosen conclusions unless it could be shown that 
there actually are daily lines formed in all age classes and 
how they differ in character between biasses. A phenomenon 
not considered in the counting criteria is the occurrence 
f complex increments. 
Evans (1972) found that the pattern of the complex 
increments in the shells of Clinocardium nuttalli in Coos 
Bay, Oregon, corresponded well with the semi-diurnal pattern 
of tidal exposure they experienced. Protothaca staminea in 
the same area showed similar patterns, but less clearly. 
Some portions of the shells of both Chione fluctifraga  
and Protothaca stamLea from upper Newport Bay show complex 
• growth increments similar to •those described by Evans. 
• Although the pattern is not very clear in many specimens, 
the fact that it is evident in some, particularly C. 
fluctif aga 	6A and 9), suggests that the tidal cycle 
has an influence on shell growth. By the counting criteria 
• 
used, some complex increments would be counted as two lines. 
Using criteria such that complex increments were counted as 
only one growth line would yield lower values and would 
probably make counts for younger specimens closer to •the 
number of days they had been growing. 
Intertidal heights  
Differences in the number of growth lines formed between 
the three intertidal heights were not significant (P> 0.50, 
two-way anova using the general linear hypothesis; see 
Table 3). However, there appeared to be a significant 
difference in the amount of growth between the intertidal 
height groups (groups A,B,E) (P < 0.05, two-way anova using 
the general linear hypothesis). The high intertidal 
specimens grew the most (Table 4) and the law intertidal 
specimens grew the least. This is surprising. Although 
Farrow (1972) found that Cerastoderma edule growing in an 
area of large tidal range (ten meters) exhibited differences 
in growth related to their intertidal -ocation, the high 
intertidal animals had grown less. The came species 
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•growing in an area of smaller tidal range did not convincingly 
show such differences. It would be desirable to compare 
natural populations of Chione fluctifraga growing at different 
intertidal heights and to use more young (first and second 
year age class' specimens for such studies in the future. 
Taxonomic comparisons 
Differences between Protothaca staminea and Chione  
fluctifraga in number of growth lines formed during the 
experiment were not significant (P> 0.10, two-way anova using 
the general linear hypothesis; see Table 5). This is what 
would be expected if environmental changes affect both 
species similarly. If studies in more environments and 
for other species show this to be generally true, confidence 
in interpretation of growth lines in fossil species will 
be greater. 
Note also the differences in the shape of the growth 
lines of the two species (Fig. 6). In C. fluctifraga the 
lines are more evenly rounded, while in P. staminea there 
is a straight segment in the outer (reflected) layer. 
CONCLUSIONS 
The excellent agreement between counters in their 
ranking of growth line counts indicates that even though the 
accuracy of growth line counting in Protothaca staminea and 
Chione fluctifraga is not presently suitable for absolute 
geochronometry, such counts are probably precise enough for 
much ecologic and paleoecologic work and perhaps even for 
relative geochronometry. 
There are several trends related to age which, depending 
upon their occurrence in other taxa, could be important in 
ecological and paleoecological interpretation. These are: 
1) increase in size with age (although the scatter •in the 
data makes size a poor indicator of age), 2) decrease in 
growth rate with age, 3) decrease in rate of growth line 
formation with age. This makes it important to use 
equivalent age classes (determined by counting winter bands 
from cross sections or acetate peels) for studies involving 
growth line counting. 
A small (1 meter) difference in intertidal level has no 
detectable effect on the number of growth lines formed. 
There were differences in growth rates between intertidal 
levels though. The high intertidal specimens grew the most, 
the low intertidal specimens the least. This is surprising 
and needs further study. 
16 
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No difference in rate of growth line formation was 
detected between Chione fluctifraga and Protothaca staminea. 




Number of specimens from each size classl in each experimental 
group. 






C. fluctifraga 	P. staminea  
      
A 	B 	C 
High Mid' Mid' Mid4 Low Mid4  








32 	12 	12 
38 
42 
Totals 	20 	20 	20 
	
12 	9 
10 	2 	3 
10 
20 	20 	20 
lEach class value is the midpoint of a 4 mm range. 
2Each experimental group consisted of 2 pans containing ten 
specimens each. 
3+1 meter, 4+0.6. meter, 5+0.1 meter 
TABLE 2 
Correlation coefficients of ranks of growth line counts- by six 
counters. Fifty specimens representing all six experimental 
groups were counted. 
Counter 	 Counter 
3 
.97 	.97 	.90 	.97 	.95 
	
.96 	.83 	.96 	.91 
.89 	.98 	.97 
.88 	.94 
1 	.97 
'Mean of four counts •of each specimen, 
19 
TABLE 3 
Mean number of growth lines counted for Chione fluctifraga: 








40.8±8.3 (2) 	40.4±10.3 (4) 	28.5 (1) 
3 	30.0-114.7 (3) 	20.716.2 (9) 	19.814.3 (13) 
4 	16.9-12.1 (2) 	22.9-5.8 (3) 	6.25 (1) 




Mean growthl of Chione fluctifraga: for intertidal height 
comparisons 
Age class 	Experimental groups 
A 







1.2110.56 (4) 	0.13 (1) 
0.4710.48 (9) 	0.2410.29 (13) 
0.20±0.12 (3) 	0.02 (1) 





'Increase in height (mm )I SD. Sample size in parentheses. 
2Age class I was omitted from means. 
TABLE 5 
Mean number of growth lines countedl: for taxonomic 
comparisons 
Age class Experimental groups 
  
C. fluctifraga 	P. s aminea 
65.3 (1) 
40.4±10.3 (4) 	 • 36.8±16.5 (3) 




1± E, sample size in parentheses. 
Fig. I. Size distribution of Chione fluctifraga and 
Protothaca staminea collected from upper Newport Bay on 
August 16, 1974. Note the two apparent size classes of 
C. flucLifraga. The number undel each bar represents the 
midpoint length of that size group. 
• 14 	18 	22 	26 	30 	34 	38 
SHELL LENGTH mm 
Fig. 2. Amount of growth (length) in 47 days for Chione 
fluctifraga of different sizes. 
10 20 40 
SHELL LENGTH (mm) 
Fig. 3. Distribution of length within age classes of 
Chione fluctifraga. Points are means, bars indicate ranges. 


















Fig 4. Growth in length within age classes of Chione  
fluctifraga. Points are reans. Bars indicate ranges. The 






• Fig. 5. Number of growth lines formed in 47 days growth in 
Chione fluctifraga of different sizes. 
0 	0 icm 
S3NI1 HIMOZ:19 	8381,411N 
Fig. 6. 
A). Photomicrograph of acetate peel of first year 
age class specimen of Chione fluctifraga. The notch at the 
right is the file mark made at the .beginning of the experi-
ment. Growth line counts of. this specimen by six persons. 
ranged from 56 to 74. Notice the difference in the shape 
of the lines from those of Protothaca staminea (B). 
B). Photomicrograph of acetate peel of first year age 
class specimen of Protothaca staminea. The notch at the 
right is the file mark made at the beginning of the experi-
ment. Growth line counts of this specimen by six persons 
ranged from 64 to 73. 
m 
Fig. 7. Photomicrograph of acetate peel of third year age 
class specimen of Chione fluctifraga. The notch is the 
file mark made at the beginning of the experiment. This 
specimen was filed, replanted, and re-collected at the 
same time as those in Fig. 3, but grew considerably less. 
Growth line counts of this specimen by six persons ranged 
from 17 to 29. 

•Fig. 8. Growth line counts within age classes of Chione . 
fluctifraga. Points are means. Bars indicate ranges. The 
number of specimens in each age class is given in parentheses. 
AGE CLASS 
Fig. 9. Photomicrograph of acetate peel of Chione  
fTuctifraga showing complex growth increments similar to 
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Medium Chione, High Intertidal 
Small Chione, Mid Intertidal 
Medium Chione, Mid Intertidal 
Large Chione, Mid Intertidal 
Medium Protothaca, Mid Intertidal 
Medium Protothaca, Mid Intertidal 
Experimental Group 
8-1 through 8-10 
• 9-1 through 9-10 
10-1 through 10-10 
12-i through 12-10 
13-1 through 13-10 
Small Chione, Mid Intertidal 
Medium Chione, Mid Intertidal 
Med./Lg. Chione, Mid Intertida 
Medium Chione, Low Intertidal 
Medium Chione, Low Intertidal 
TABLE 6a 





1-1 	18 	18 	17 	28.5 	19 	21 
1-2 48• 49 49 48.5 	45 49 
1-3 	- 4.5 	3 - 	3 - 	- 	9. 3 	3 
1-4 43.5 	44 42 44 	41 43.. 
1-5 	31 34 	32.5 	25.5 	27 	24.5 
1-7 32.5 	35 35 23.5 	37 32 . 
1-8 	13 13 	14..5 • 	14 15 	15 
3-2 43.5 	45 45 	45 	49 48 
3-3 	41 39 	40 37 42 	40 .. 
3-4 • 42 	36.5 	47 	42 	38.5 	41 
3-5 	45 43 . 43 '46 44 	45 
..-E3 49 	47 	44 	36 	48 46. 
3-10 - 	50 50 48 47 50 	47 
4-1 1 	5.5 	1 . 	1 	- 3 1 
473 	47 46 46 • 38 46. 	42 
4-4 40• 	42 	36 . 	17,5 	43 28.5 
4-5 	4.5 2 3 6 3 	3 
4-6 25 	26 	26.5. 	28.5 	23 24.5 
4-7 	22 23.5 	23 	20 22 	18.5 
479 8. 	7 . 8 3 • 	3 9 
4-10 	9 .8.5 	5 - 	4. 9 	- 7.5 
5-2 28.5 	32.5 	29 25.5 	30 -30.5. 
5-3 	7 12 10 	12 	- 11 	7.5 
5-4 28.5 	27.5 	22 35 24 26 




Ranking of specimens by counts (continued) 
Specimen 
	 Counter # 
3 	4 
	
5-6 	20 	26 	20.5 	21.5 	21 	'22 
5-8 32.5 	32.5 	31 33 28 2.7 
5-9 	27 27.5 	24 	30 	26 	23: 
5-10 35 	40 38.. 31 36 .36.5 
-6-1 	16.5 	20.5 	16 	13 	18. 	16 
6-2 26 36.5 	34 27 32.5 	33- 
.673. 	16.5 20.5 6 	6 „ .6.5 5 
6-5 2 	1 	3 2 	3 	3 
6-6 - 	15 15 18 	21.5 	16 18.5. 
6-7 46 	48 	50 50 	.47 	50 
9-1. 	38 38 41 . 	48.5 	38.5. '44 
9-2.  - 3.6 	23.5. 	32.5 	41 . 	. 32.5 	36.5 
9-4 	6 4 	12 10.5 	13 13 
.975. . 10.5 	8.5 	14.5 	16. 	14 	14 
9-6 	34 30.5 	28. 43 34 35 
9-9 21 	19 25 	39.5 	29 	38.  
9-10. 	30 22 	26.5 	39.5 	25 30.5 
127.1 12 	10 9 8 . 	• 9 	6 
12-2 	10.5 	11 	13 	15 •12 18 
12-3 38 41 39 32 	40 	34 
12-4 • 	14 	14 	11 	10.5 	9 - 	12 
12-5 23 29 30 19 31 28,5 
12-6 	19 	.17 	.19 	17.5 	17 	17. 
12-7 .3 5.5 	7 6 6.5 	10' 
13-7 	37 	30.5 	37. 	34 	35 39 
TABLE 7a 
Data for size comparisons 
Specimen # # of Winter Lengthl 
	
Growth 2 Growth Lines3  






























0 	15.4 	4.5 	* 
0 19.4 5.6 45.75 
0 	16.8 	. 3.1 	43.25' 
0 • 	18,6 5.3 -•43.75. 
-.0 19.7 	5.9 	47.5 
0 	21.3 3.3 71 
0: 20.9 	4.0 	* 
0 • 	20.7 3.7 91.25 
0 14.8 	• 5.1 	71.25 
0 	20.2 3..9 87.25 
O• 17.1 	4.9 	•85.5 
0 	17.1 5-.1 79 
0 19.8 	4.5 	94.75 
0 	22.4 3.4 89.5 
0 	• 	21.1 	4.2. • 	68;75 
0 22.0 3.2 413.25• 
0 	20.7 	2-6 	•63.5 
2. 	31.0 	* 
2 31.3 0 	1 
1 	31.1 	1.5 67 
1 33.0 1.4 	40.5 
2 	36.4 	• .2 • 20.75 
2 31.8 	• 	.2 • 	18 
2 	33.7 •* 	* 
3 34.9 	.2 5.5 
3 	36.6 .1 	5.75 
TABLE 7b 
Data for size comparisons (contihued) 




































30.4 	.5 	36.75 
2 29.8 .1 28 - 
2 
	
30.9 	.4 	20.5 - 
2 34.5 .1 . 3.75 
3 
	
33.4 	.1 	6.75 
	
33.1 .3 25.25.- 
33.8 	1.5. 	63. 5 
31;8 * * 
32.0 	-.2 	17.25 
3 
	
32,2 .1 23.5 
40.3 
2 	41.3 	.3 	22.25 
. 2 41.1 .2 4.5 
43.5 	.1 	22.25 
2 	43.6 
3. 44.1 	.3 	17 
41.4 .4 24.75 
3 	43.9 	.2 	22 
2 40.7 .5 27 
2 	37.0 	.1 




2 39.0 .2 	26 
2 	37.5 	.5 18.75 
.3 37;9 .1 	11 
2 	36.2 	.1 
2 37.0 .3 	19 
2 	36.9 8.5 
2 39.0 4.75 
1Measured at beginning of experiment 
2increase in length 
3Mean of 4 counts by counter #1 
*Not suitable for measurements indicated 
TABLE 8a 
Data for comparison of intertidal heights 
Specimen # # of Winter Length' 	Growth2 Growth Lines3  




30.3 	.665 	28.25 
1-2 32.9 3.68 69.5 





35.5 1.52 56.25 
1-5 3 32.3 	.535 	29 
1-6 34.5 .960 49.25 
1-7 28.6 	.965 	32.5 
1-8 
	
35.5 .17 5.5 
4-1 	2 	31.0 	0 	0 
4-2 2 31.3 0 . 0 
4-3 I 	32.6 	1.71 	67 - 
4-4 	S1 34.6 1.60 •40.5 
4-6 2 	36.6 	.405 	20.75 
4-7 2 32.0 .435 - 18 
4-8 	2 	33.7 	* 	• 	* 
4-9 3 35.1 .12 5.5 
4-10 	2 	36.7 	- .15 	5.75. 
9-1 1 30.9 1.05 36.75 
9-2 2 	29.9 	.455 	28 
9-1- 	2 313 . .420 20.5 
9-4 2 	1 	34.6 	• .070 	•3.75 
9-'5 3 33.5 .140 6.75 • 
9-6 	2 	33.4 	.610 	25.25 
9-7 2 35.3 1.64 63..5 
9-8 2 	31.9 	0 	•1 
9-9 	5 5 	1 32.2 . .485 	17.25 




Data for comparison of intertidal heights (continued) 
51 
Specimen # # of Winter Length l Growth2 Growth Lines 3
Rings (mm) (mm) Counted 
12-1 2 34.6 .070 7.25 
1 2- 2 2 32.1 .155 6.75 
12- 3 2 32.8 1.03 29.5 
12-4 2 30.8 .14 8 
12-5 .2 32.0 • 67 20.25 
12-6 2 30.1 . 34 16.25 
1 2-7 2 ·35.2 .06 2 
12-8 3 35.2 * * 
13-·l 2 36.6 .06 2·0 
13- 2 2 36.3 .18 38 
1 3 - 3 2 37.1 .04 18.75 
13-4 3 34. 3 .02 6.25 
13 -5 2 3 4.6 .18 48.5 
13-6 2 3 8. 2 0 1 
13-7 1 3 3.3 .13 28.5 
13-8 2 32.6 .14 40.75 
lMeasured at termination of experiment 
2rncrease in heights, measured from photomicrograph of 
Xsec. 
3Mean of four counts by counter #1 
*Not suitable for measurements indicated
